The ligand 5-methyl-2-phenyl-4-[(E)-1,3-thiazol-2-yl-diazenyl]-2,4-dihydro-3H-pyrazol-3-one (Dy) has been synthesized by diazo coupling reactions of 5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one with 2-aminothiazole and ferric hydrogen sulfate (FHS), as a catalyst, under solvent-free conditions. A series of complexes of the ligand with Co(II), Ni(II), Cu(II), and Zn(II) ions are synthesized and structurally characterized by 1H NMR, FTIR, and UV-Visible spectral techniques. The cytotoxic activity of the complexes and the uncoordinated ligand against human breast cancer (MCF-7) and chronic myelogenous leukemia cell line (human erythroleukemia) (K-562) cell lines exhibits good viability in the range of 50.16-55.16% at a concentration of >100-110 µg/mL as compared to the inhibition in the untreated cells. Further, the metal complexes and ligand were screened against antibacterial strains of S. typhi, S. aureus, and E. coli. Both the cytotoxicity and antioxidant studies are correlated with computational docking analysis and powder XRD studies reviles that all complexes are in crystalline nature.
INTRODUCTION
Diazo coupling reactions is one of the most important class of organic reactions which is currently performed with liquid acid catalysts, such as H2SO4, HF, HBr, HCl, CF3COOH, and complexes of BF3 are frequently used in organic synthesis (1) (2) (3) . This traditional approaches are inherently associated with environmental issues like pollution, catalyst waste, and issue in separation and recuperation (4) . To overcome these issues an economical catalyst is employed (5) . Current days the azo dyes grab much attention from synthetic organic chemists, due to its numerous groups of dyes consumed today like FMCG products such are textile, paper, coloring agents for foods and cosmetics industries. Other applications include emerging technologies like liquid crystals, organic photoconductors and non-linear optics (6) (7) (8) . Azo dyes have got much attentions from different branches of chemistry and they show more prominent applications like colorants in the textile and digital printing, photography industries (9-11) liquid crystals (12) chiral switches in photochemistry (13) and for molecular recognition (14) . Azo dyes exhibit important pharmacological activities like anti-inflammatory (15) , plant growth regulating properties (16) . Antipyretic (17) and antitumor (18, 19) are also reported. The metal complexes derived from azo dyes have been investigated by many workers (20) (21) (22) (23) and their complexes have been extensively used in many industries like dyes, synthetic leather and vinyl polymers.
The applications of metal complexes of dyes not limited for industries but also in the field of pharmacology such as inhibition of DNA, RNA, and protein synthesis, nitrogen fixation, and carcinogenesis (24, 25) . 5-Methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one is the biological potent organic moiety (26, 27) . Many researchers work on metal chelate of 5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (28) (29) (30) (31) (32) but the catalytic synthesis of dyes from this organic moiety is not reported.
The aim of the present study was to synthesize the 5-methyl-2-phenyl-4-[(E)-1,3-thiazol-2-yldiazenyl]-2,4-dihydro-3H-pyrazol-3-one (Dy) via the diazotization reaction of 5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one with 2-aminothaizole using the iron(III) hydrogen sulfate, Fe(HSO4)3, as an economical catalyst and their metal chelates, screening for in-silico molecular docking studies followed by antimicrobial and cytotoxic activities.
EXPERIMENTAL

Materials and methods
All the chemicals used in this study were pure and AR grade. 2-Aminothiazole, ethanol, DMSO, were procured from Sigma-Aldrich and all the metal salts were obtained from Hi-Media and the solvents were used after purification by distillation (33) . The human breast cancer (MCF-7) cell line was obtained from National center for cell science (NCCS), Pune, India. FTIR spectra were recorded as KBr pellets in the Bruker Alpha FT-IR Spectrometer, 1H NMR were recorded on a Bruker DPX 400, δ values relative to the deuterated DMSO. Magnetic susceptibilities were measured at room temperature by the Gouy method. The molar conductance measurements were measured in solution of the metal complexes in DMF (10 -3 M) using Equip-tronics EQ-660A conductivity meter, Mass spectra are recorded in a Quattro LC, Micro Mass spectrometer.
Elemental analysis is obtained from a Vario-Micro Qub elemental analyzer. Absorbance is measured using Systronics UV-VIS spectrophotometer-119, X-ray diffractometer (PHILIPS PW3710) using CuKa (1.5418 A˚) radiation operated at 45 kV and 25 mA is used in X-ray investigations.
Synthesis of 5-methyl-2-phenyl-4-[(E)-1,3-thiazol-2-yldiazenyl]-2,4-dihydro-3H-pyrazol-3-one (Dy)
To a stirred mixture of NaNO2 (2 mmol, 0.28 g) and silica gel (1 g), a suspension of an appropriate 2-aminothiazole (2 mmol) and ferric hydrogen sulfate (FHS) (10 mol%, 0.06 g) in water (12 mL) was added. After the mixture was stirred for about 20-30 min, the solution of 5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (2 mmol, 0.6 g) was added. The progress of the reaction was monitored by TLC using chloroform: methanol as eluent (9:1). After the completion of the reaction, the mixture was filtered and the residue was washed several times with hot water and product is recrystallized in ethanol. The synthetic route is represented in Scheme 1. 
Synthesis of metal complexes 1-4.
A methanolic solution of metal chlorides (0.461 g, 1.5 mmol) in 20 mL was added drop wise to a methanolic solution (20 mL) of the ligand (1.044 g, 3 mmol) with continuous stirring (Scheme 2). The resulting solution was refluxed for 4-6 h and the solution was reduced to half of its initial volume. It was then allowed to stand overnight in a refrigerator. A colored complex was precipitated, which was separated by filtration under vacuum. It was washed thoroughly with distilled water and cold methanol and dried in vacuo over fused CaCl2 and was recrystallized from methanol (35, 36) . 
Molecular docking studies
Molecular docking for the synthesized compounds is done by as per our previous work (37, 38).
For antioxidant and cytotoxic molecular docking study we use (PDB code: 3MNG) as antioxidant enzyme receptor and (PDB code: 2A91) as EGFR kinase domain was used throughout the work.
Followed by butylated hydroxytoluene (BHT) and Actinoin as standards for docking studies. The docking results of both antioxidant and cytotoxic guided for wet analysis.
Antimicrobial activity
The antibacterial activity was determined using the agar disc diffusion method against four Three plates of each bacterial strain were prepared and incubated at 37 °C for 24 h. The antibacterial activity was determined by measuring the zones of inhibition (mm). The same procedure was followed for the antifungal assay against A. niger, A. flavus, A. fumigates, and potato dextrose agar (PDA) was the media (39) . Fungal spores were spread on the surface of each agar plate instead of the bacterial culture and the plates were incubated at 28 °C for 24 h.
In each plate DMF served as negative control and Fluconazole (1 mg/mL) was used as positive control. The experiments were carried out in triplicate. The lowest concentration at which inhibition was shown was considered as minimum inhibitory concentration (MIC) (40, 41) .
Antioxidant activity
DPPH radical scavenging method
Free radical-scavenging capacities of the ligand (Dy) and their metal complexes were determined using the stable 2,2-diphenyl-1-picrylhydrazyl radical (DPPH). An aliquot of 25-75 mg concentrations of synthesized compounds in methanol was added to 3 mL of 0.004% w/v DPPH radical solution and each test tube was made up to final volume of 4 mL. butylated hydroxytoluene (BHT) was used as a standard and dissolved in methanol to get the same concentration as that of synthesized compounds. Each mixture was vortexed for a few seconds and allowed to stand in the dark for 10 minute at ambient temperature. The absorbance of each reaction mixture was measured at 517 nm against a blank.
Nitric oxide (NO) scavenging method
All the tested samples in various concentrations (25, 50 and 75 μg/mL) were prepared in DMF and made homogeneous. 0.75 mL of phosphate buffer saline (0.2 M, pH 7.4) and 0.5 mL of sodium nitroprusside (10 mM) were mixed together to generate nitric oxide radicals (NO) and this solution were added to the test compounds and incubated for 120 min at 25 °C. The reaction mixture of the above samples (1 mL each) was treated with 1 mL of Griess reagent (1% sulfanylamide, 2% H3PO4 and 0.1% naphthylene diamine dihydrochloride). Butylated hydroxytoluene (BHT) was used as a positive control. The absorbance was measured at 546 nm.
The ability to scavenge from both radicals was calculated as follows:
Where Ai is the absorbance in the presence of the test compound, Ao is absorbance of the blank in the absence of the test compound, Ac is the absorbance in the absence of the test solution.
In-vitro anticancer activity -Cell culture
The human cancer cells (K-562 ATCC ® CCL-243™) and (MCF7-ATCC® HTB 22™) were maintained in Modified Eagles Medium (MEM) supplemented with 10% FCS, 2% essential amino acids, 1% each of glutamine, non-essential amino acids, vitamins and 100 U/mL PenicillinStreptomycin. Cells were sub-cultured at 80-90% confluence and incubated at 37 °C in a humidified incubator supplied with 5% CO. The stock cells were maintained in 75 cm 2 tissue culture flask.
Cell viability assay
The cytotoxicity effect of test samples was performed by 5-diphenyl-2H-tetrazolium bromide Cytotoxicity( %)=1 − ( mean absorbance of mean absorbance of -ve ) x100
C ell viability( %)=100 − C ytotoxicity( %)
RESULTS AND DISCUSSION
Mass spectrum
The mass spectrum of the ligand (Figure 1 ) obtained by using of Quattro LC, Micro mass spectrometer (ESI) showed the molecular ion peak at m/z 285.0 which coincide with the formula weight within the precision limit of ±0.02. Metastable ion(s) were not observed, thus representing the proposed fragmentation pattern of the ligand (Scheme 3).
H NMR spectrum
The 1 H NMR spectrum (Figure 2 ) of the ligand in DMSO-d show a doublet at 7.91 and 7.88 ppm shifts is for H1 and H2 protons respectively. The doublet at 7.59-7.58 ppm is assigned to the H6 proton. The other two protons H5 and H7 resonated together but was slightly distorted by coupling effect from H6 and H8 which appeared as a multiplet peak at 7.47 ppm and a doublet peak showed at 7.34 ppm assigned for H4 and H8 protons, at the extreme right of the spectrum a singlet signal appeared at 2.84 ppm is assigned for methyl group H3 proton. However, the chemical shifts and multiplicity patterns are in agreement with the structure of the compound ( Figure 3 ). Table 2 . ) of Ligand (L) and metal complexes. 
Ligand/complex ⱱ(C=O) ⱱ(C=N) ⱱ(N=N) ⱱ(C-S) ⱱ(M-O) ⱱ(M-N)
Powder X-ray diffraction study of complexes
Powder X-ray diffraction graph of the complexes were recorded over the 2θ = 0-80° range. The major peaks of relative intensity greater than 10 % were indexed using a computer software.
The diffraction data like angle (2h), interplanar spacing (d) and relative intensity (%) have been summarized in (Table 4) Table 5 and spectrum in Figure 4 . However, these complexes also tested for the fungal strains, exhibited least activity compared to standard fluconazole except 2 and 3. Å. The other interacting amino acids were GLN36, ASN38 and TYR62 as shown in Figure 9 . 
Cytotoxicity
The results of cytotoxic activity is tabulated in Table 7 Among them, 1 and 2 showed the most potent inhibitory effect on the growth of both the MCF-7 and K-562 cells lines compared to the uncoordinated ligand. 
